\ the metastable 1S2S ion level previously studied at low energies, and in the 1s3s radiating level that we have proposed as the upper level of an VUV l^er system at 165.3 nm. Our initial results indicate that the raetastable population is scaling with energy as expected, but that, the laser level population is significantly below predictions.
Our work in both these areas was presented at the OSA Third Topical Meeting on Short Havelength Coherent Radiation: Generation and Applications, Monterey, CA (March 21-26, 1986 ). This paper is attached as Appendix A.
APPENDIX A SOFT X-RAY PUMPING OF INNER-SHELL EXCITED LEVELS
FOR EXTREME ULTRAVIOLET LASERS R. G. Caro 
ABSTRACT
We report thw construction of a facility for investigating x-ray pumping of extreme ultraviolet lasers.
Measurements of large excited populations in Li* and an investigation of a Li + "shake-up" laser are described.
# * *
When a 1.06 pin laser beam is focused onto a high-z target at intensities of TO 12 -10 1 " W cm" 2 , a plasma is formed from which a burst of soft x-rays is emitted with a conversion efficiency in excess of 10J. The burst of x-rays can be usee! « an x-ray flashlamp to pump potential extreme ultraviolet (XUV) laser systems.'"^ In this work we report the construction of a facility at Stanford University consisting of a Nd:Glass laser system capable of generating a 20 J pulse of 1 ns duration at 1.06 pm. This laser is synchronized with a tunable dye laser which can produce pulses with energies as high as 1 mJ, a duration of approximately 20 ps, and which are tunable from 100 nm to 900 nra. This facility is well suited to the experimental investigation of a variety of x-ray flashlamp-excited XUV laser systems. In particular, it is ideal for the study of XUV lasers produced by the initial excita tion of a highly energetic metastable level (by the x-ray flashlamp), followed by rapid transfer of population to a nearby radi ating level by means of a tunable dye laser.
A schematic of this system is illustrated in Fig, 1 . The heart of the system consists of two mode-locked and Q-switched Quantronix 116 Nd: YAG lasers for which the acousto-optic modelocker units are driven by a common rf signal. In this way syn chronization of the output pulse trains from the two lasers is obtained such that the relative timing of the two pulse trains is constant within t 50 ps over a period of 1-8 hours. By inserting an etalon in the cavity of one of these lasers, a train of 1 ns pulses is produced. A single one of these pulses is selected by a Pockels cell pulse selector placed external to the cavity, and that pulse is amplified through a series of Nd: YAG and Nd:Glass amplifiers until a pulse of 20 J energy is obtained from the final 33 mm diameter Nd:Glass rod. The configuration of this part of the system is shown in Fig. 2 . The output from the second mode-locked and Q-s witched Nd:MG laser is converted to the second, or third, harmonic at 532 no or 355 nm, and used to synchronously pump a dye laser oscillator,^ as shown in Fig. 3 . This oscillator can produce easily tunable output pulses with 20 ps duration and nearly transform limited linewldth in the spectral region from 100 nm -900 nm. Output energies range from 20 vJ at 560 nm when pumping with 532 nm light, to 2 yJ at 100 nm when pumping with the lower energy third harmonic of the Nd: YAG laser. The output from this dye oscillator is then amplified in a chain of three dye amplifiers, each pumped longitu dinally by a pulse of 1 ns duration at 532 nm or 355 nra. This pump pulse is derived from the 1 ns, 1.06 urn pulse at an early stage before amplification in the Nd:Glass amplifiers. It is then passed through a further three Nd: YAG amplifiers to produce a 200 raJ beam at 1.06 urn that can be converted to the second or third harmonic for pumping the dye amplifier system. A schematic illustration of this dye amplifier system is shown in Fig. 4 .
The experiments that have been performed to date with this laser facility have had two objectives. The concept of using x-rays emitted from a laser-produced plasma to excite large densi ties of energetic excited levels in atoms and ions has been thor oughly experimentally investigated'"3 using modest, 100 mJ, plasma-producing laser energies. It was necessary, however, to verify that these techniques could be scaled up to the 20 J energies available from the current facility. In order to compare with the original work of Caro, et al., 1_ 2 experiments have been performed to investigate the excitation ot Li + (ls2s) ions at 60 eV as a result of photoionization by laser-produced x-rays.. 
HHP,
In addition, the Li* vacuum ultraviolet laser system at 165.3 nm, recently proposed by Harris and Caro,^ has been experi mentally investigated. The energy level diagram of this system is shown in Fig. 5 . When a (Is) electron is removed from a Li atom by x-ray photoionization, the principal product is the I,i + (1s2s) ion. However, due to the process of "shake-up," there is a signif icant probability that the Li* (1s3s) ion will be produced.7 _ 9 Indeed, experiments indicate? that 15? of the ions created by (Is) removal should be in the level Li* (l33a)3S|_ j n contrast, only 7 J should be found in the Li* (1s2p)3p levels and so an inversion should be produced on the [{1s3s)3s -ds2p)3p] transition at 165.3 nm. at an electron density of 10^ cm"3 and a temperature of 0.5 eV. Using this data, the electron density dependence on tine at a distance of 7 mm from, the target has been determined (Fig. 10) .
Again, the theoretical predictions, curve A , are in good agreement with the measured values. The dependence of electron density on distance from the target is ahown in Fig. 11 As well as the discrepancy between the predicted ami measured values of the absolute magnitude of the Li* (1s3s)3s pop ulation, the theoretical curve in Fig. 13 has a quite different functional dependence on distance than does the data. For compar ison, in the analogous curve of Fig. 9 , the LI* (1s2s)3s population has a functional dependence on time that is well predicted by theory.
Clearly, the Li* (1s3s)3s population Is not being produced in the quantity predicted by theory. The actual reason for the low Li* (1s3s) population is unclear at this tine. Estimates of rates for the de-excitation of the level Li* (1s3s)3s by electrons, or photons from the laser-produced plasma, yield values that are too small to explain this result. Although anomalously fast deexcitation cannot be ruled out, the decay curve of Fig. 12 , snowing 2-3 ns decay time for the Li* (1s3s)3s level makes this unlikely.
Similarly, anomalously small excitation rates for the H + (1s33) levels seem unlikely in the face of the observation that the Li + (1s2s) level and electron density measurements agree reason ably well with theory, and the well documented predictions of the shake-up ratio for Li* (1s3s) production. Further work is neces sary in order to explain this disconcerting result.
Although laser action at 165.3 nm has not been demonstrated, the fundamental utility of this laser facility for creating large density-length products of excited levels has been verified in the form of the Ll + (1s2s)3s measurements reported here.
In the future it is expected that this facility will be used to investi gate a variety of photolonlzation-pumped lasers In the VUV and XUV regions of the spectrum with emphasis on the laser classes produced by shake-up^ and Auger 1 3 processes, as well as those that make use of metastable 1 "• and quasi-metastable 1^ levels in atomic and ionic systems, It seems that these techniques should enable laser action to be demonstrated at a variety of wavelengths between 10 nm and 100 nm in the future.
